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W and Z Boson Factory
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Pull
Measurement Fit |Omea:—0m|/csmeas
m, [GeV] 91.1875+0.0021 91.1874
I,[GeV]  2.4952+0.0023  2.4959
Gpyg[Nb]  41.540+£0.037  41.478
R, 20.767 £0.025  20.742
AY 0.01714 £ 0.00095 0.01645
A(P) 0.1465+0.0032  0.1481
R, 0.21629 +0.00066 0.21579
R, 0.1721+0.0030  0.1723
AL 0.0992+0.0016  0.1038
AL 0.0707 £0.0035  0.0742
A, 0.923 £ 0.020 0.935
A, 0.670 £ 0.027 0.668
A(SLD) 0.1513+0.0021  0.1481
sin®0?(Q,) 0.2324£0.0012  0.2314
my [GeV]  80.399£0.023  80.379
Iy [GeVl  2.098 +0.048 2.092
m, [GeV] 173.1£1.3 173.2

August 2009

Precision EWK Measurements w

Many high precision
measurements of
EWK observables
from LEP and SLD

A total of roughly 17
million Z events were

collected by the four
LEP experiments

In 8 fb! of running
the two Tevatron
experiments will
collect a similar
number of W events



‘ QCD Boson Production w

Ql

c
cl

o = 3,/dQ 8(Q - 2Ex x))/dx. f.(x,Q) [dx. f,(x.,Q) o(Q)
~ \ \ -

Calculable hard
scattering cross

Sum over quarks, Kinematic Parton distribution

gluons constraint functions section
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Differential Cross Sections
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do/dy Measurement w

g CDF Runll wth-L 2 11b” B . NNLO MRST2006E (xz=35/27, CL=0‘1.68)
70; """""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 1 35 o NNLO MSTW2008E (52 = 33/27, CL=0.238)
60F- “F MSTW2008E 68% C.L. PDFs Uncertainties
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* Measurements at high rapidity are statistics limited

« Potential increased constraints on PDF models using
full Tevatron data samples
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W Asymmetry

* Asymmetric u,d quark
momentum distributions
within proton lead to

Events/0.2

asymmetric W*,W- 60 | L w iy
Lo . . . 40 (] W rapidity
rapidity distributions ol == o preudorapidy _
! —i— ¢ pseudo-rapidity :
e V-A decay of W boson 52 1 o 1 2 3
enerated rapidity[y,, or n.]
reduces the observable ’ T
asymmetr}l in th§ lepton ,+\\
rapidity distributions N
u o d
> S >
AN
do/dB o« (1 + cosB)? = \, =
!§>§l
N\
AN
\NV
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New Asymmetry Measurements w

1% 1%
1({1) 242) CDF Preliminary Run Il 1 fb”
~ ~ - 'l 0_8_ LI N N L I I L |
~ — _ ——@—— CDF 1b" data(stat. + syst. 7
p . \:" < ‘ p E. 0,7:— NNLO Pmdicti:n(IlRSTzoo)SNNLO) atm =80.4 —:
\ "d'; o 65— [ ] PoF uncertainty(MRST2006NNLO) | _E
1 E :
: -
e Reconstruct W production < o4b d E
. ) n L] .
asymmetry A(yy) directly  $ oqf ; _;
© - ® .
* Two kinematic solutions S o2t E
using My, constraint 2 o ]
. . . . > AR IETNE ENTRI IR TN R T EUEE
* Weight solutions taking into % 05 1 15 2 25
account production & decay Iyl

* Resolve dependence on yy,
iteratively
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Diboson Production w

* High luminosity samples
CDF Run Il, pp at\/s = 1.96 TeV

allow for measurements of g f
low cross section processes s %{CDF, Prejminary
g 10°E o = CDF Published
DO and CDF have observed 5 | [heory
WW, WZ, and ZZ production ‘i 10° &
via leptonic decay channels § ol -
* Also, first observations of & :
WW/WZ production in the 10 pg ™ "
semi-leptonic decay channel N - +
e These measurements are T
critical for validating our R o BT
Higgs search techniques
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WZ Production

e Recent measurement of WZ

production from DO based on
4.1 tb'!

» Final state of three high p;
leptons and large missing E

Events/10 GeV

 (Observe 34 candidate events
with an expectation of 6.0 &
0.4 background events

Events/10 GeV

e Measured cross section of
3.90 £ 0.98 pb agrees well
with SM calculation

120 140
MT,, (GeV)
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Diboson Couplings

Probe non-Abelian nature of
SU(2),®U(1), via gauge boson
self-interactions

Production is sensitive to
potential new physics appearing
in the tri-linear gauge couplings
For simplicity, parameterize
new physics contributions in
terms of effect on individual
terms within the interaction
Lagrangian (gq = 1, kg = 1,
Asm = 0)

W,Z,g

q¥)

W,Z,g

W,Z,g

qq — W* — Wy : WWy only

qq — W* = WZ

qq — Z/* = WW
qu — ZIN* —= 7y
qq — I —= 77

WWZ only
: WWy , WWZ

77y , Zyy

77y ,777

Absent in SM
11
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Anomalous Coupling Limits

WZ production involves a
single tri-linear gauge
coupling not accessible at
LEP

Allows for measurement of
WWZ coupling independent

Events/30 GeV

25—

15

M WZ + Background
- A=-0.1,Ax= 0.2 :
[ o A=-0.1,Ak=-0.2 ]

of WWy coupling
N BRI T
w 2% @
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Wi 5

Un
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0

Ll b ]
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-0.075 <\, < 0.093

-0.027 < Ax, <0.080
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‘ W Boson Mass

W < > W WS W W, W
- W ..... -
AMy, « M AMy, o In My New Physics

» Self-energy corrections to the W mass depend on
the mass of the top quark and Higgs boson.

8/19/10 13
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Current W Mass Results w

W-Boson Mass [GeV]

TEVATRON T*— 80.420 + 0.031
LEP2 — 80.376 + 0.033
Average 80.399 + 0.023
¥/DoF: 0.9 /1
NuTeV “ 80.136 + 0.084
LEP1/SLD —A 80.363 + 0.032
LEP1/SLD/m, -A 80.365 + 0.020
80 80.2 80.4 80.6

my, [GeV]

July 2010

e (Current level of
precision ~ 0.03%

e This uncertainty 1s
roughly an order of
magnitude higher
than that for the Z
boson mass

M, =91.1876 + 0.0021

14



‘ Constraints on Higgs Mass w

1 —LEP2 and Tevatron (prel.)
54 - LEP1 and SLD

* To obtain equivalent
constraint on My

- AM,,, ~ 1.1 GeV/c?,
~0.6% on M,
- AMy, ~ 20 MeV/c?,
~0.02% on My,
150 75 200
m, [GeV]
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W Mass Measurement w

_— Recoil & Underlying

Event Energies
p A.Q., ;)
Momentum/Energy 4%\

Scale & Resolution \ PIY)Oductiﬁl zn;i
y ecay Mode

- -1 ~Data

:(a) DO, 1 fb —EAST MC

C mBackground
y2/dof = 48/49

* Requires a detailed
understanding (~10 MeV)

of all aspects of W boson 25°°§

production and detection 22 2;“'—_‘&# —
OEI"'I':':' 4
-2

Events/0.5 GeV
~
[4)]
o
o
|

W—ev

| Lol N "
LA T T R T
P Y

50 60 70 80 90 100
8/19/10 m, (GeV) 16



W Mass Uncertainties w

* CDF systematic Systematic [MeV] | Electrons Muons | Common
uncertainties for
4 Lepton Energy
200 pb Scale and 3] 17 17
 Combined channe]  [Resolution
total uncertainty of | Recoil Scaleand 14 12 12
Resolution
48 MeV
. Backgrounds 8 9 0
« New analysis based Produetor
1 : roduction an
on 2 b currently in | pecay Model 16 17 16
progress. Expectto  fq . s 48 54 0
reduce uncertainty
Total 62 60 26

by factor of two

8/19/10 17
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Ultimate Tevatron Constraints

Potential constraints
on M, based on 8 fb"!
of data per experiment

Use to differentiate

between a SM or
SUSY-like Higgs

Provides a test of the
theories 1f a Higgs
boson 1s discovered 1n
the interim

M, [GeV]

80 70 | experimental errors 68% CL:

Tevatron

80.60

80.50

lj..‘ LI I LI I | I L I B B | I I

Ill

80.30 |

80.20

lllllll

Heinemeyer, Weiglein '04
Updated mt, mW '09

lllllllllllllllllll | I - 1 1 1

160 165 170 175 180 185 190
m, [GeV]
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Higgs Boson in SM

Combination of direct constraints
from LEP and indirect constraints
from precision EWK measurements
indicates my; in range accessible to
Tevatron

LEP direct constraints : my; > 114.4 GeV/c?

Indirect constraints : my < 158 GeV/c?

Combined constraints : my; < 185 GeV/c?

= 157 GeV
6 ﬁug::h‘!‘gog - m - e
1 (5)
5 - 5 Aty = .
* i — 0.02758+0.00035
1 % % - 0.02749+0.00012
4 - % tee incl low Q% data —
3- ]
2 -~ -
1 - —4
0 Excluded w3 Preliminary
30 100 300

m,, [GeV]

Excluded by direct ~ Potentially
searches at LEP observable

at Tevatron
19



Higgs Decay D&

1 T T ‘x
3 WW

Branching ratio

0.1+

102}

10

N 3 1 1 A
100 120 140 160 180 200
TmH (GeV/c?)

Cross-Over Point
(my ~ 135 GeV)

8/19/10

e Low Mass
* Focus on H—=bb

* Also search in H—=tt
and H—vyy (important
LHC channels)

* High Mass
e Focus on H=WW

e Plan to incorporate
H—ZZ decays 1n future
(also an important
channel at LHC)

20



Higgs Production at Tevatron w

SM Higgs production

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

103 g h TeV 11

7 H o [fb]

T ||I||I||
| IIIIIII|

W

/

L=
o=

71T T1

bb—h

10 & qq — Zh =
Z o :
- T i
q A B gg,qq — tth \\\ i
- \\ 4
TeV4LHC Higgs working group | T .
1 I I I S I | I I I I | | I I N | Lo L1 1
100 120 140 160 180 200
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Step #1 : Select an inclusive
M : ~6 months of data

event sample that maximizes Double Including DO

the acceptance for a potential

Higgs signal

Step #2 : Carefully model all
backgrounds and cross check

, e 110 120 130 140 150 160 170 180
using control regions in data Higgs mass (GeV)

Step #3 : Use advanced
analysis tools to separate
signal from background
based on event kinematics

22



High Mass Searches

* Basic event selection : two
high p leptons and large 1l
missing E (H=>WW—lvlv) 0|

— Maximizing detector lepton |
acceptance 1s critical

* Also consider potential tri- 3 N

lepton and Same_sign lepton Forward Electron Central Electron Track in Crack
events from WH—-WWW T T T won
and ZH—7ZWW

« For my =165 GeV/c?, we

expect to reconstruct a bit
more than 7 events per fb-!
per experiment

8/19/10 Forward MIP Central MIP Track in Crack 23




Low Mass Searches

e Basic event selection : at least
two reconstructed jets (b-quark
candidates) plus either

— 1o leptons and missing E (Z—wv)
— one lepton and missing E (W—1v)
— two leptons (Z—1l)

« Efficiency for tagging b-quark
jets 1s critical (as well as rate
for mis-tagging light quark jets)
« Formy =115 GeV/c?, we expect

to reconstruct about 3.5 events per
fb-! per experiment (double b-tags)

8/19/10 24



Tagging Jets from b-quarks w

 Idea 1s to pick out jets that
are consistent with having by
originated from long-lived oy
b-quark (typically involves '”c}
reconstruction of secondary
track vertex within jet)

 More sophisticated tools | Lo
incorporating both jet shape 200 e
and track variables are used a0 '
to obtain additional o t
discrimination between +
different flavor quark jets 2 ——

P SR BRI R B P IR BRI
-1 -0.8 -0.6 -0.4 -0.2 ] 0.2 0.4 0.6 0.8 1
KIT Flavor Separator

8/19/10 25



Backgrounds

e Next step 1s to separate WH—>Ivbb

small potential signal from
large SM background
contributions 1n our search
channels

* For example, applying no
additional selection criteria H—=WW-—lvlv
— S/B =0.014 in most sensitive

= WW
WH—1vbb (low-mass) search " Weets
channel . Wiy
— S/B =0.015 in most sensitive " DY
H—=WW—lvlv (high-mass) " 774W7

search channel * Top



Improving S/B

* In order to improve S/B need WH—Ivbb

to use kinematic information P WEW
from the events | é”
e Multi-variant techniques are T

used to maximize search

sensitivities n
— Neural Networks B0 100 150" 200 280 507 557 oo
— Boosted Decision Trees H%WW%ml\/lV [
— Matrix Element Calculations o ropenu &

Events /0.2
8

=y
N
o

» Typically add only about
10-20% 1n sensitivity beyond
that obtained using best one
or two variables

8/19/10 27
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Background Modeling

* Since we rely on kinematic WH—Ivbb
shapes to separate potential S0 Losam WEW
signal from backgrounds, the | e
[ Diboson

single most important aspect

of these searches 1s how well
we can model (and determine
uncertainties on) these shapes

Q) 50 100 150 200 250 300 350 400
Dijet Mass (GeV)

B
[=)

— —
e [.ow mass: H melv v [Lossw
— Focus on jet E; and angular R =

distributions — ij

=y
N
o

=y
o
o

®
o

« High mass:

[
o

B
o

— Focus on system boost (py) and
spin information — A,

20C

8/19/10 28



Validating Background Models w

B4000F -
S [ DO Preliminary W+2et

« For low mass searches, the dwmf t-ssw’ =
. . i BEwbb/ct
background modeling 1s ™% =lw | <—— No Tags
° . 8000 C - 1v1\{‘>|-(|59V (x10)]
validated using pre-tagged |

and tagged event samples . £ o0 pratiminary W21t/ biag
. . . r @ [ L=53f" Wajet
— Provide very different mix = 1200 i o
. C 1000 1
of heavy and llght flavor %50 100 150 200 250 300 350 00 - -
. Dijet Mass (GeV) C - WH
quark production processes One Tag e
) 600
* Also, measure SM Cross  gaue——— —
2 §220 DY Prellmln_?ry W+2jet/2 B;?f
sections for rare processes “wf S
. . = L
contributing events to the Bt 750" 1007350200 250 500 350 o

115 GeV (x10)

low mass search final state
(e.g. single-top and semi-
hadronic diboson decays)

«— Two Tags

(b 50 100 150 200 250 300 350 400
Dijet Mass (GeV)
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Validating Background Models w

CDF Run Il Preliminary Ldt=531"

1 Region: E Eaa%%§me8ign "

o dat
aww
awz

oz

O

[Tsyst. uncert

k-3
88000
EFEEE

* For high mass searches,
specific control regions are
defined to test modeling for  «
each individual background L
(whenever possible)

Events /0.2

WHjets : same-sign
dileptons

AR leptons

o
o
b
54
@
2
c
]
>
w

* In the case of dibosons Wty : same-sign
(WW, WZ, and ZZ), we are  dileptons (low M)
not able to define specific
control regions so we use .
cross section measurements §=* TR
to validate the modeling of  «
these processes

Events /0.5
S

n
=]
TTT

t-tbar : opposite-sign
dileptons, 2+ jets, b-tag

=)
TTT

0.5 1 15 2 25 3 3.5
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Final Discriminates

. . L _ -1 W

é'; cf AISO, llkellhOOdS CDFIRun I Pr?hmlnary, LS_\A/‘rSS\;b E%T;E;

. . 103 N [ WeeWe

% Ug based on matrix ) me

: T 102 it

a9 & element calculations & ™ \ =

8 @ 10+ ] ---WH115><;
3 13
Q 8 . s 1
N 10 g
102 L g

0 0.2 0.4 0.6 0.8 1

Event Probability Discriminant

-
=V
i @

CDF Run Il Preliminary IL =5.31b"

& "?°[ 0s 0 Jets, High /B =

Event 1nal S [M,=165GeVic? ="

ﬂ 100 n by
Kinematics 1scriminant :ﬁ: -
80
60 f—
40 f—
ble to correlate =

m u lf ' P le ' n P“f O-‘T ‘ I-0.8 -06 -04 -0.2 0 0.I2 0.4 0.6 0.8 ‘ 1

NN Output
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Maximizing Sensitivity DES

* In order to maximize the GOF Fun 1 rolminary, L=4515' @S2
C. | "SVnodP (G
sensitivity of our searches, we "
need to separate events into
multiple analysis channels

= === WH115x5

Candidate Events

* We can then utilize separate,

BIRQ O} PA[RIS OlBD BJUON

optimized discriminates for 0 o2 04 o6 08
Event Probability Discriminant
each channel tuned for

— specific signal contributions CDF Run I Preiminary. L = 4815 msne
: . . 10° | SVSV  \Shes

— specific background contributions 2
— specific event kinematics @
* For low mass searches, typically %
define channels based on the

0 0.2 0.4 0.6 0.8 1

number and quahty Of b-tag S Event Probability Discriminant
8/19/10 32



Systematic Uncertainties

 We consider uncertainties both COF Fun 1l reiminary [Losaw
. . | OS 0 Jets, High S/B
on the overall normalization of M, =165 Gevic
each signal/background process
and on the shapes of the final
discriminant templates for each
signal/background process

Events / 0.05
g B
T

023
=]
T T 11

1 Normalization

D
=]
T 11

'
(<)
T 11

< Shape

>

N
=]
T 11

ol | } ; mal
-1 -08 -06 -04 -02 0 02 04 06 08 1

e (Correlations in uncertainties AN Output
between different channels are e ;esew_I_
properly accounted for in the 018 — voses

. o . . 0.14 —.% JES
minimization procedure 012
0.10
— A single channel can constrain an ocs| Example Of shape
individual uncertainty parameter o uncertainty -
across all channels 002} H
0.00 === —
-t0 08 06 04 02 00 02 04 06 0B 10

ggH NB score
8/19/10 33



Combining Channels w

o~ B B B L L IO Lt L By IV ISR
(-\31 00 |- CDF + D Run 11 Pre]iminar?{’_ Data-Background -
S | | 4L>=5.9 b <+ [ Signal :
*2 i |—,__|_ — =1 s.d. on Background
S 50 .
m i . l__l—‘li‘- i
O ‘_ -+ —— : N
: A"+
50 [ 4 .
i |__| I__' 1
3 m, =100 GeV/c®
- — - H™ —
100 h July 19, 2010
L | L | L | I L L | L I L | L L | 1 L L | l L L | 1 l L | | L | L

4 35 3 25 2 15 -1 05 0
log,,(s/b)

8/19/10 34



Setting Limits w

« Describe CLg method here (Bayesian

approach also used for limit settin ‘+ b.6

o . ! seting) 2InQ = LLR = -21n| 202215+ 50)

 First form likelihood functions for signal L(data5.6)
plus background and background only

hypotheses
* Product over individual likelihoods ozl @ e
. . . . . F —— Observed my = eV/c
for each bin 1n the final discriminant | et o bckground
0.1 L Xpecte or signai

plus background

distributions for all channels

5

o

&
T

* Incorporate systematic uncertainties
as nuisance parameters in each term

Probability density

Background-like

« Maximize likelihood functions and in the S ¥
process fit for both signal/background mS %gnal'hke
contributions and nuisance parameters i

S
>
£y

A

« Use pseudo-experiments to determine
consistency of observed LLR with signal

-2In(Q)

8/19/10 35



Example Limit Plot

CDF Run Il Preliminary J Los3th’
. . . 02 —— ceee W H|gh Mass Expected
Upper cross section limit for Ens
. . . ST, s UG SI———. Y T S A High M +1
Higgs production relative to 2007000 : S ; [ e e
SM prediction N LR Rt i — o [ Hihass = 25

= High Mass Observed

N

Median expected limit (dot-
dashed line) and predicted — T g TR

lo/26 (green/yellow bands) . | APV ST AR PSR SR
excursions from background 110 120 130 140 150 160 170 180 190 200

only pseudo-experiments Higgs Mass (GeV)

105 : ; : ZIIiZZZII:?Z:ZiZi;EEEEIIIIZZ?IIIZIZIiIIIIZiZ:I?IIIIIZiZIZZZiEEE

..........................................

.....................................

carahrnas

95% C.L./Gg,,

................................

Analysis repeated using different signal templates for
8/19/10 each my; between 100 and 200 GeV in 5 GeV steps 36



Tevatron Combination w

Tevatron Run II Preliminary, <L>=591"

SO I R I R BRSNS
LEP Exclusmn ' Tevatron
| Excluswn

sk
—)

95% CL Limit/SM

_ .‘."'".'".“.".Tf”f“.“.“’.“'E."F'.“?‘?‘.‘“.“‘.“;“i“'.‘“.‘“.";"i".‘"."'."'."5"."'."'.“'.‘;W‘fﬂ.y.‘l?“.qu?‘;";“.“
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )
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Expected Limit/SM
o

8/19/10

Sensitivity Projections

CDF Run Il Preliminary, m,;=160 GeV
e

Sdmmer 2004 ‘ Decembér 2008

................... —— Summer 2005 March 2009
—— Summer 2007 November 2009

January 2008 July 2010

011

8 10 12 14
Integrated Luminosity (fb ')

Projection of CDF expected
median limit at my; = 160 GeV
versus analyzed luminosity

Analyzed Lumi/Exp. (fb™)

2xCDF Preliminary Projection
15 BR & NEE .
! 1
10 .......
5

Expected Sensitivity ¢

0 0
100 110 120 130 140 150 160 170 180 190 200

With Projected Improvements mH (GeV/cz)

Median a priori expected signal

excess for CDF+DO0 as a function

of my; and analyzed luminosity
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Tevatron Bottom Quark Physics w

e The Good : B0 MB- - e e e
o gTotal [nelastic Cross—Section
* bb production cross section |
within detector acceptance |+ 5000 x
is O(10%) above e*e” at Y(4s)
. s Pp— b+....
* Incoherent strong production 10—
of all b-hadrons (B, B, BY, '—;'To»v
Bca Ab: Eba etc.. ) é ...................
e The Bad : g 10 1054 1058
* Total inelastic cross section 2 w0
is O(10%) above o(bb) T [ 11 e
10 = oo
« Branching ratios of O(10) S A

for interesting processes

8/19/10 39



Tevatron Bottom Quark Physics w

* The Ugly :

e Messy environments with

Dapver 201

e e b s
J{-’-"""'“'i
N
<0
\,y‘/‘/:’: N ’\t@-‘//‘ .
\~% ]
N

/\\\\ p J

. ° 4 : : ‘\
lar mbinatori P i s N
gc Co b atorics = ,,;gﬁz}@@ a@%@%
» Requires excellent tracking =8 § =
and selective triggering W g
\ “\};’ 3 /0@%@
. . X ;%1 Q‘g";;,/' \ ’../Q.
* Especially difficult for i g

generic B’. —~h*h- final
states (displaced vertex
triggers)

e 2000 B’s per second within
acceptance — can’t write all
of these events to tape
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Bs,d — WH'

* Very small SM branching @ 5  ow W
ratio — proceeds only via t .
loop diagrams T —
p g s w’ K
« However, new physics (b)
. . b . u*
contributions can greatly W
3 . . t
modify this expectation —w h
10 E
¥ (6) By—np Blue dots : One particular
¢ 1 E% i MSSM model (J.K. Parry,
X ot | | Nucl. Phys. B 760, 38 (2007)
:TZ 001 k Y. SM Expectation
e E ° o
i =% S
@ 0.001 E .
0'0001 1 1 1 1 1 °<I>
100 200 300 400 500 600 700
mpo [GeV]
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B, 4 — wuw Results

* NN variable created using
various kinematic inputs to
help separate signal events
from background

 [imits calculated based on
several bins of NN variable
and reconstructed mass

Br(B, > u*u )< 43x10°(95% C.L.)
Expected: 3.3x107%(95% C.L.)
Br(B, = u"u )< 7.6x107°(95% C.L.)
Expected: 9.1x107°(95% C.L.)

8/19/10

Candidates / 24 MeV/c? Candidates / 24 MeV/c?

Candidates / 24 MeV/c?
o N » [} ©

s

10

.........................

CDF Preliminary 3.7 fb”'

;_ Bd Bs —g
== . S 0.8<v,,<0.95 -
;Fﬂ_ﬁi%. 1 ;
; [ L [] U LJ_W
— 3 53— =57 X3 X =

M ' i [GeVic?]
= 095<v,<0.995
=§ |-| Bd Bs M _;
B Ty SR 1 R W 3
= o LJPE
75 3 53371 55 53 =

M ' o [GeVic?)
3 B, B, 0.995<v, <1.0 -
1"& ‘EL gt T E
= . . e N S 4 e 11

¥ 3 52 54 55 58

M i [GeVic?
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b—sp'y

* Once again, only possible via loop diagrams in SM

* Sensitive to new physics mainly through event kinematics (Agg)

__ CDF Run Il Preliminary L=4.4fb™ __ CDF Run Il Preliminary L=4.4fb __ CDF Run Il Preliminary L=4.4fb"
2 [ Yield:101+ 12 (102 expected) 240l Yield:120 + 16 (142 expected) 222 Yield:27 + 6 (31 expected)
2 601" Mass:5284 + 3 MeV/c? 2 | Mass:5277 + 3 MeV/c? 2 5o Mass:5365 + 5 MeV/c?
o I . [=] - [=] o
€t B> K%y | € B oKty | Susf B o'W
gso: ~+ Data 2 80 + Data '216:— ~+ Data
E C — Total Fit o — Total Fit S — Total Fit
a0 ---- Signal u L ---- Signal " a4k ---- Signal
i Background 60 Background - Background

40
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- +H + ,,,,, 20/ .
10+ + ........................ L 71
B T
G—Illlllll“['.l‘l[l “l.'r-o.JJllr"||||\||\|| 0—11111 lllll f"l:11[:‘1--uL1||x|‘|\||||lll Lol labedas 1|11|"i141 ERR 1 T i,
5 51 52 53 54 55 56 57 5 51 52 53 54 55 56 57 3 54 55 56 57
M(uuK ) (GeV/c?) M(uuK) (GeV/c?) M(uuo) (GeV/c?)

BO—=K* (K Bf—=K uw Bg"—= (KK )
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b—su'u Ay w

 In the theoretically cleanest o 2CPFRUnllPreliminary L=4-4fb"
range (1 <g* <6 GeV?/c?) “ I Aea® > K1)
measured AFB 1s consistent T M,
and competitive with B 1 =

factory measurements : —+— —+—

 (Consistent with SM

prediction but discrepancy N

cou?d. begin to appear with osl
lllllllllllllllllJL(lllllllvlllllllllll

additional data 0 2 4 6 8 10 12 14 16 18

q? (GeV?c?)

A,, = 0.43'°% £0.06 (CDF, 1<gq*<6GeV?)

A,, = —0.05"" (SM, 1<g¢*<6Gev?)| «—— C.Bobethet. al,
| arXiv:1006.5013
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BY Mixing

u,c,t
b > S
o w* W~
 Analogous to B’; mixing
but on the order of 40 times s —= b
faster o
e Measurement requires good
proper time resolution and *?oos E e
- A
% ”“”ly l II!H
é 0.05
_"0"25"5 75 10

proper decay time, t [ps]
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BY; Mixing Results

Fully reconstruct one

BY. decay (obtain proper
lifetime and flavor at time
of decay)

Tag flavor of BY at time
of production using

« Charge of opposite—side
lepton

« Charge of opposite-side jet
« Flavor of kaon produced in

hadronization of b-quark to
B0

S

opposite side | vertex side

. | neutrino
jet charge ! . ’
( s - \\y i fragmentation ;

i kaon /
! U
1 ’
| .
\ K
| 1
' B

s 7

oY%

9 _,‘0;0:0 CREXIN
va¥s 300 .00
QLXK
)
HIHEIY

soft P-EV-

lepton
, GDF Run Il Preliminary L=1.0fb"
3 F
£ 15F
g- o
< 1F
051
o
0.5F
s
15F
_2EIAI(IAmq=I1?-I75I).I_-1I'21Ii-Iq.2101 v e b L
0

5 10 15 20 25 30 35
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BY; Mixing Constraints w

* Constrains |V 4/|V. 16 [y
corresponding to one A
side of unitary triangle ‘ ‘
(indicated by orange _ Am. R ]
band) o :

* Theory uncertainties = ol  AmN B~ :
on quantities required : \§\
to extract [V y//|V,| os | 2\ v
from Am/Am, much L ) |\ g
larger (~5%) than 1 RS ]
current experimental =it 7 w &
uncertainties T s o os a1 as

5
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Probing CP Violation in B,.—J/W¢ w

« CP violation in B;—J/"o 1s
described by a phase which in 5 _ 0 2arg(_Vﬂ,_V£)
the SM 1s related to the angle
B, of the unitary triangle

ch’ cs

 Time evolution of BOS flavor CDF Run Il preliminary L =5.21b"

depends on Am, 3,, and AT
between the CP even and odd
eigenstates

e Using previously measured
value of Am_ simultaneously

fit data for B, and Al

ddusst }¢
N ‘"TW?”#‘
N PR AN R S PRI U PUN PR (R L
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Probing CP Violation in B,.—J/W¢ w

Dimuon trigger

NN selection

Joint fit to mass, angles, decay-time and production flavor distributions

4 N\ N\ N\ [ )
Mass to Angles to Decay time to Flavor tagging
separate signal separate CP- know time to separate B
from bckg even/odd evolution from B
g /L /L / L /
Lo g 700F g 700F w
W Feuastius / -
32 200F t 200F E W 1
gf 100F 100F i t ; 1 N
32534 5.36 5.08 54 5.42 5.44 546 950350 05 950360035 ?H I o 0 o o .
Mass(JAp ¢) [GeV/c?] cos() cos(6) .
49
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Results

L=521fb"

CDF Run Il Preliminary
0.6 —— 95% CL §
I —— 68% CL
04} —e— SM prediction
< 0.2
A ! :
ke i §
0.0 S
=iy
-0.2}-
-0.4}1
-0.6}-
| [
_1 O
B (rad)

50



bandb produced 1n equal
numbers — 50% result in a
neutral B meson (B or By)

1.3% of the time both B
mesons decay into a muon

Two like-sign muons from
BB pair implies oscillations
N(++) #N(--) = CP
violation

DO observes 3.2c from SM

= (—0.957 = 0.251 (stat) = 0.146 (syst) )%

8/19/10

‘....

A =N =Ny
TN+ N,

-0.02

-0.03

"EDpo A,
« Standard Model
- —B Factory W.A.
‘DO B,—D, u X
IIII|IIlI|IIII|IIIl|IIIIIIII
-0.04-0.03-0.02-0.01 0 0.01 ‘
asl

Probing CP Violation in Bq Mixing w

Y
Y
'A
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Results

CDF Run Il Preliminary L=52fb
0.6- —— 95% CL '
i — 68% CL

Absl (DQ)
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